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(54) Autostereoscopic display 

(57) A display device comprises a source 1 of light 
of a first polarization, a source of light of a second polar- 
ization different from the first polarization, an optical sys- 
tem arranged to image , the light emitted by the light 
sources through a spatial light modulator (SLM) to pro- 
duce an image of the source of light of the first polariza- 
tion at a first viewing zone and an image of the second 
source of light at a second viewing zone, the SLM includ- 
ing a plurality of picture elements arranged to modulate 
the light emitted by the sources of light, and a plurality of 
polarization adjusting means each being optically 
aligned with at least one respective picture element, the 
polarization adjusting means comprising a first group 
arranged to permit the transmission of light of the first 
polarization and substantially prevent transmission of 
light of the second polarization, and a second group 
arranged to permit the transmission of light of the second 
polarization and substantially prevent transmission of 
light of the first polarization such that the image on the 
SLM which can be viewed from the first viewing zone is 
that of the picture elements optically aligned with the 
polarization adjusting means of the first group and the 
image which can be viewed from the second viewing 
zone is that of the picture elements optically aligned with 
the polarization adjusting means of the second group. 
The polarization adjusting means may comprise an array 
of polarizing elements 5a, 5b, or alternatively may com- 
prise an array of wave plates 33. The optical system may 
comprise a lens 3 or array of lenses provided between 
the light sources 1 , 2 and the SLM 4. A spatial light mod- 



ulator which may be used in 3D displays of stereoscopic 
or autostereoscopic type comprises substrates (19, 21) 
between which is disposed a liquid crystal layer (20). The 
layer comprises two sets of pixels (12, 13) for displaying 
left and right eye images. A pixeliated polarisation adjus- 
ter (31 , 32; 33. 34) is disposed between one of the sub- 
strates (21) and the liquid crystal layer (20) so as to 
minimise parallax effects. The pixels (12. 13) of the liquid 
crystal layer (20) are operated in the same mode i.e. all 
normally black or all normally white. 
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Descripti n 

This invention relates to an autostereoscopic dis- 
play. 

The present invention also relates to a spatial light 
modulator. Such a modulator may be used in three 
dimensional (30) displays. 

A number of display devices have been disclosed 
which are capable of producing a stereoscopic display, 
but which require an observer to use viewing aids, com- 
monly in the form of glasses. In one arrangement (J. Opt. 
Soc. Am. 30:230, 1940), the observer wears glasses 
incorporating polarized lenses, the axes of polarization 
of the lenses being crossed. When viewing a suitably 
encoded 3D image including polarized regions using the 
glasses, the image seen by one of the observers eyes is 
different from that seen by the other eye. 

In Advanced Imaging, May 1992, pages 18 to 22, a 
device is described in which two halves of a stereo- 
graphic image are interlaced and displayed using a liquid 
crystal display positioned behind a parallax barrier which 
consists of opaque regions of crossed micropolarizers 
and transparent regions therebetween. The pitches of 
the interlaced images and the barrier are such as to 
define first viewing positions at which a first of the halves 
is visible and second viewing positions at which the other 
half is visible. If an observer is positioned so that one of 
his eyes is at one of the first viewing positions and his 
other eye is at one of the second viewing positions, the 
stereographic image can be viewed. The function of the 
micropolarizers is to form a parallax barrier, the polari- 
zation of the light transmitted thereby being substantially 
unchanged. 

EP 0 541 374 discloses a stereoscopic 3D display 
of the time multiplexed type in which a light source illu- 
minates a liquid crystal device which displays left-eye 
and right-eye images alternately. A modulator modulates 
the light reflected by the liquid crystal device such that 
light carrying the left-eye images is polarised in one 
direction and light carrying the right-eye images is polar- 
ised in the orthogonal direction. The light from the mod- 
ulator is projected onto a screen which has to be viewed 
through viewing aids in the form of glasses with orthog- 
onally polarised filters in order for an observer to per- 
ceive the 3D image. 

US 5 264 964 discloses a 3D system in which a pix- 
ellated micropolariser is associated with a spatially mul- 
tiplexed image. The image may be viewed 
stereographically through polarisation analysing 
glasses. Alternatively, a parallax barrier, for instance 
formed by further micropolarisers, may be used to permit 
autostereoscopic viewing. 

W085/0291 4 discloses a liquid crystal display (LCD) 
using polymeric substrates with a polariser located 
between the liquid crystal and each substrate so that the 
optical anisotropy of the polymeric substrates does not 
affect operation of the LCD. 

GB 2 155 193 discloses an LCD having substrates 
formed by laminating a polariser between layers of 



stretched polyester. The substrates are arranged with 
the stretch directions of the polyester parallel to each 
other so as to prevent deformation from affecting elec- 
trode alignment. 

s The term "mode" as used herein refers to the degree 

of attenuation of light by a liquid crystal element in the 
absence of an applied field across the liquid crystal. 
There are two such modes, namely a normally white 
mode in which there is low attenuation in the absence of 

10 an applied field and a normally black mode in which there 
is high attenuation in the absence of an applied field. 

According to a first aspect of the invention, there is 
provided a display as defined in the appended Claim 1. 
Preferred embodiments of the first aspect of the 

is invention are defined in the appended Claims 2 to 19. 

ft is thus possible to provide an autostereoscopic 
display in which a lenticular screen does not have to be 
aligned to the pixels of a spatial light modulator to a high 
tolerance. Accordingly, optical component cost is 

20 reduced. Further, it is possible to separate physically a 
backlight from the spatial light modulator. Thus, it is eas- 
ier to implement observer tracking. 

In arrangements where lenticular screens and opti- 
cal components such as Fresnel lenses are provided, the 

25 pitches of such components are not determined by the 
pitch of the spatial light modulator. Accordingly, the 
pitches may be chosen to optimise performance of a 
mechanical steering system for observer tracking. 

It is also possible to provide a flat panel display which 

30 can display full resolution 2D images. Such displays may 
be used for reversionary stereoscopic operation with 
polarising glasses and, using such glasses, for low 
crosstalk autostereoscopic operation. An observer can 
be tracked by control of the light source and multiple 

35 observers are possible. 

According to a second aspect of the invention, there 
is provided a spatial light modulator as defined in the 
appended Claim 20. 

According to a third aspect of the invention, there is 

40 provided a spatial light modulator as defined in the 
appended Claim 45. 

Preferred embodiments of the second and third 
aspects of the invention are defined in the appended 
Claims 21 to 44. 

45 ft is thus possible to provide a spatial light modulator 
which may be used in 3D displays and which suffers from 
substantially reduced parallax errors. For instance, cross 
talk, pseudoscopic viewing, and the imaging of regions 
between pixels are all substantially reduced and a good 

so off-axis viewing angle performance is provided. Further, 
all of the pixels have well-matched viewing angles, tn par- 
ticular, the contrasts of the pixels are well-matched 
throughout a large range of horizontal and vertical view- 
ing positions. 

55 It is further possible to provide a spatial light modu- 
lator which can be used in autostereoscopic 3D displays 
and stereoscopic 3D displays. Some embodiments can 
be used in these two types of 3D display by reversing the 
direction of light passing through the modulator. Others 
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can be used in either type of display with the same direc- 
tion of light so that switching between stereoscopic and 
autostereoscopic operation may be achieved by chang- 
ing between polarised and non-polarised light sources. 
Furthermore, it is not necessary to move or align pre- 5 
cisely any parallax element on the display to change 
between autostereoscopic and stereoscopic operation, 
as is necessary with the arrangements disclosed in US 
5 264 964. 

Such spatial light modulators can provide high 10 
extinction ratios between polarisation states so as to give 
improved cross talk performance. Standard liquid crystal 
display alignment layer configurations may be used and 
the modulators may have a large number of components 
in common with existing liquid crystal devices. Thus, is 
such modulators may be manufactured using a large 
number of the steps of existing liquid crystal display man- 
ufacturing techniques. 

When a polariser is disposed on the outside of a spa- 
tial light modulator substrate, for instance as in conven- 20 
tional liquid crystal displays, the substrate must be highly 
isotropic to avoid any change in polarisation direction 
which would result in reduced extinction and therefore in 
reduced spatial light modulator contrast. Glass is typi- 
cally used as the substrate so as to meet this require- 25 
ment. There is a strong desire to use plastic substrates 
for liquid crystal display fabrication so as to reduce 
weight. However, as is well known, many plastics are not v 
optically isotropic. This is one reason why plastic liquid 
crystal displays have been difficult to produce economi- 30 
cally. 

By disposing the polariser inside a spatial light mod- 
ulator, such as a liquid crystal display, the requirement 
for a highly isotropic substrate can be relaxed. This 
allows many cheaper plastics to be considered suitable 35 
for, for instance, a liquid crystal display substrate. Thus, 
embodiments of the present invention with internal polar- 
isers have the further advantage of being able to use ani- 
sotropic substrates. For instance, if a plastic substrate is 
uniformly birefringent across its surface, then the bire- 40 
fringence can be accounted for in internal polarisation 
adjusting layers. 

The invention will be further described, by way of 
example, with reference to the accompanying drawings, 
in which: 45 



4 

Figure 3 is a diagrammatic view of a display consti- 
tuting a third embodiment of the invention; 

Figure 4 is a diagrammatic plan view of a display 
constituting a fourth embodiment of the invention; 

Figure 5 is a diagrammatic plan view of a display 
constituting a fifth embodiment of the invention; 

Figure 6 is a diagrammatic plan view of a display 
constituting a sixth embodiment of the invention; 

Figures 7 to 22 are diagrammatic cross-sectional 
views of two adjacent pixels of SLMs which may be 
used in the displays of Figures 1 to 6; 

Figure 23 is another diagrammatic view of the SLM 
of Figure 8; and \ 

Figure 24 is a view illustrating a programmable light 
source suitable for use with the display device of Fig- 
ure 1 . I 

Figure 25 illustrates diagrammatically a known ster- 
eoscopic display; 

Figure 26 is a diagrammatic vertical section of the 
display of Figure 1 illustrating correct viewing; 

Figure 27 is diagrammatic vertical section of the dis- 
play of Figure 1 illustrating disadvantages of this dis- 
play; 

Figure 28 is a diagrammatic cross-sectional view of 
two adjacent pixels of a known spatial light modula- 
tor (SLM); 

Like reference numerals refer to like parts throughout the 
drawings. 

The display device illustrated in Figure 1 comprises 
an illumination system in the form of a pair of light 
sources 1 , 2 arranged to emit plane polarized light, the 
axis of polarization of the light emitted by one of the 
sources 1 being perpendicular to the axis of polarization 
of the light emitted by the other source 2. The emitted 
light is incident upon an optical system comprising a lens 
3 arranged to image the light so as to produce an image 
of the first light source 1 at a first viewing zone 6a and 
an image of the second Ijght source 2 at a second view- 
ing zone 6b spaced from the first viewing zone. The lens 
3 is of the type which does not affect the polarization of 
light incident thereon. 

The light transmitted by the lens 3 is incident upon 
a spatial light modulator (SLM) 4 in the form of a liquid 
crystal device comprising a plurality of liquid crystal pic- 
ture elements each of which is arranged to modulate the 
light intensity, a control circuit 7 being arranged to control 
the SLM 4 in order to produce the desired display. 



Figure 1 is a diagrammatic perspective view illustrat- 
ing an autostereoscopic display constituting a first 
embodiment of the invention; 

50 

Figure 2 is a view similar to Figure 1 of a display con- 
stituting a second embodiment of the invention; 

Figure 2a is an enlarged view of part of the display 
of Figure 2; 55 

Figure 2b is a view similar to Figure 2a of a modifi- 
cation; 
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The SLM further comprises an array of polarization 
adjusting means 5 each of which is adjacent and aligned 
with a respective picture element of the SLM 4. The 
polarization adjusting means are of two types, one type 
5a being substantially transparent to light of the polari- 
zation of the first light source 1 and substantially opaque 
to light from the second light source 2, and the other type 
5£ being substantially transparent to light from the sec- 
ond light source 2 but substantially opaque to light from 
the first light source 1 . This effect is achieved in the SLM 
illustrated in Figure 8 by arranging the first layer of polar- 
izing elements so that the polarizing elements of the first 
type 5a have their axes of polarization parallel to the 
polarization axis of the first light source 1 and the polar- 
izing elements of the second type 5k have their polari- 
zation axes parallel to the axis of polarization of the 
second light source 2. Because the polarization axes of 
the light sources 1 , 2 are perpendicular to one another, 
so are the polarization axes of the first and second types 
5a. 5b of polarizing element. In the embodiment shown 
in Figure 1 . the polarizing elements are arranged in a 
checkerboard fashion, but the polarizing elements could 
alternatively be arranged in other patterns, such as ver- 
tical or horizontal stripes of alternating polarization. 

In use, the control circuit 7 is arranged so that the 
picture elements adjacent the polarizing elements of the 
first type 5a display one of a pair of stereoscopic pictures, 
which is visible in the first viewing zone 6a, the other of 
the pair of stereoscopic pictures being displayed by the 
picture elements of the second type 5b and being visible 
in the second viewing zone 6b. By positioning one eye 
in the first viewing zone 6a and the other eye in the sec- 
ond viewing zone 6b, the observer sees the full stereo- 
scopic image without requiring the use of viewing aids. 

If the light sources 1 , 2 are moved with respect to 
the lens 3, the locations of the viewing positions will also 
move. By moving the light sources 1, 2, it is therefore 
possible to provide a display device in which a moving 
observer always sees the stereoscopic image, the light 
sources 1 , 2 being arranged to move so that the viewing 
zones 6a, 6b track the observer. The content of the 
image may also be adjusted upon detection of movement 
of the observer in order to provide an image look-around 
facility. 

Alternatively or additionally to such relative lateral 
movement, the light sources 1 , 2 and the lens 3 may 
rotate together about a vertical axis to provide or assist 
observer tracking. Providing such tracking by rotation 
only allows an observer to remain on or adjacent the axis 
of the lens 3 so as to avoid aberrational degradations of 
off-axis lens performance. ! 

The device illustrated in Figure 2 differs from that 
illustrated in Figure 1 in that the light sources 1, 2 and 
the lens 3 are replaced by an illumination system, which 
comprises a single extended light source or "backlight" 
9 and a polarizing panel 10 having alternating first and 
second polarizing stripes 10a, 10b provided thereon, 
and an optical system comprising a lenticular screen 1 1 . 



The first and second stripes 10a and 10b have orthogo- 
nal polarisations as illustrated in Figure 2a. 

The lenticular screen 1 1 comprises an array of cylin- 
drical lens elements or lenticules arranged with their lon- 

5 grtudinal axes parallel to the longitudinal axes of the 
stripes 10a. 10b of the polarizing panel 10. The width of 
each cylindrical lens element is substantially equal to 
twice the width of each stripe 10a, 10b of the polarizing 
panel 10. Thus, light of the first polarization transmitted 

io by the lenticular screen 1 1 is transmitted in a different 
direction from light of the second polarization to provide 
first and second viewing zones or positions 6a, 6b as 
described above. 

The SLM 4 is disposed adjacent the lenticular 

15 screen 1 1 and arranged to modulate the incident light to 
form the desired image. As in the embodiment of Figure 
1 , the SLM 4 comprises a liquid crystal display device 
having a plurality of switchable picture elements and an 
array of polarization adjusting elements arranged so that 

20 each polarization adjusting element is adjacent a 
respective picture element of the SLM 4. Half of the 
polarization adjusting elements transmit light of the first 
polarization while substantially preventing transmission 
of light of the second polarization whereas the other half 

25 of the polarization adjusting elements transmit light of the 
second polarization while substantially preventing trans- 
mission of light of the first polarization. The two types of 
polarization adjusting element are arranged in a one 
dimensional alternating array similar to the polarizing 

30 panel 10, although other configurations such as a two 
dimensional checkerboard array may be used. 

In use, light of the first polarization is transmitted by 
the lenticular screen 1 1 in a first direction and can be 
viewed at the first viewing positions 6a. Since the light 

35 can only pass through some of the polarizing elements, 
the image formed at the SLM and visible from the first 
viewing positions is that displayed by the picture ele- 
ments of the SLM 4 which are adjacent the polarizing 
elements of the first type. Similarly, light of the second 

40 polarization is transmitted by the lenticular screen 1 1 in 
a second direction and can be viewed from second view- 
ing positions 6b. The image displayed on the SLM and 
visible from the second viewing positions is that dis- 
played by the picture elements which are adjacent the 

45 polarizing elements of the second type. 

If an observer is positioned with one eye at the first 
viewing position and the other eye at the second viewing 
position and the SLM 4 is controlled so that the images 
visible from the first and second viewing positions form 

so the two halves of a stereoscopic pair, the observer sees 
a three dimensional autostereoscopic image without 
requiring the use of viewing aids. Since the polarizing 
panel 10 is spaced from the lenticular screen 11. light 
from one of the stripes of the polarizing panel 1 0 may be 

55 incident upon a cylindrical lens element of the lenticular 
screen 11 other than the element directly adjacent 
thereto giving rise to the display device producing a plu- 
rality of pairs of viewing zones or "lobes" 6a. 6&. Tracking 
of a moving observer may be achieved by moving the 



4 
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polarizing panel 10 with respect to the lenticular screen 
1 1 , for instance by an electromechanical actuator, so that 
the observer maintains the autostereoscopic viewing 
condition. Alternatively or additionally as described here- 
inbefore, rotation of the whole backlight arrangement 
including the polarising panel 10 and the lenticular 
screen 1 1 may be used to provide or assist observer 
tracking. Combinations of lateral relative movement and 
rotation may be used to enhance freedom of movement 
of the observer and increase response speed. 

The polarizing panel of Figure 2b may be used 
instead of that in Figure 2a, each pair of adjacent stripes 
10a, 10b of the panel of Figure 2b being separated by 
an opaque stripe 10£. By using such a panel, the pairs 
of adjacent viewing positions 6a, 6b are separated from 
one another to avoid the situation where the left and right 
eyes of the observer see the images intended for the right 
and left eyes, respectively, (pseudoscopic zones). Oper- 
ation of the device is as described with reference to Fig- 
ure 2. 

As an alternative to this arrangement, the lenticular 
screen 1 1 may be replaced by a converging lens of the 
type illustrated in Figure 1 . Similarly, the lens 3 of Figure 

1 could be replaced by an array of lenses, for example, 
a lenticular screen. The optical system chosen for use in 
the display device is largely independent of the illumina- 
tion system selected. In the embodiment shown in Figure 
1, if more than one observer wishes to see the display, 
more than one pair of illuminators may be provided. In 
the embodiment shown in Figure 2, use may be made of 
the additional lobes to allow more than one observer to 
see the display autostereoscopically. 

Figure 3 illustrates an embodiment which comprises 
a two dimensional array of pairs of polarized light sources 
1 , 2 (Figure 3a), light from which is incident upon a len- 
ticular screen 1 1 which comprises a two dimensional 
array of lens elements. Each lens element is arranged to 
direct light from a corresponding pair of light sources 1 , 

2 onto a SLM 4 to be viewed from a pair of viewing posi- 
tions 6a, 6£. By moving the array of light sources 1 . 2 
with respect to the lenticular screen 1 1 , the viewing posi- 
tions 6^ 6b can be arranged to track a moving observer, 
such tracking being in both a horizontal direction and a 
vertical direction. 

The embodiments illustrated in Figures 1 to 3 use 
the SLM of Figure 8, in which the light transmitted by the 
SLM is of two orthogonal components. The choice of 
SLM is largely independent of the optical and illumination 
systems used, and others of the illustrated SLMs, or 
indeed other SLMs not described or illustrated herein, 
could be used. It is advantageous to use an SLM of the 
type disclosed herein in which the switching layer of the 
SLM transmits only one of the polarization components 
as such an SLM does not suffer from intensity variations 
between the two views of an autostereoscopic image 
with changes of viewing angle as in the known type of 
SLM. H the two views have unmatched viewing angles, 
this can result in visual stress and false depth cues via 



the Pulfrich effect so that the effective observer viewing 
position freedom for such a display is more limited. 

The device illustrated in Figure 4 is similar to that 
illustrated in Figure 1 but includes a beam combiner 20 

5 between the SLM 4 and the observer and a second iden- 
tical arrangement comprising an SLM 4a, a lens 3a and 
a pair of light sources 1a, 2a for transmitting light to the 
beam combiner 20. The use of the beam combiner 20 
allows two pairs of autostereoscopic images to be pro- 

io duced, enabling the observer to view four different 2D 
views of the image from the appropriate viewing posi- 
tions to provide a look around facility, or allowing two 
observers to see the 3D image. If desired, each pair of 
images may be moved independently so as to track 

is respective observers by moving the corresponding pair 
of light sources 1 . 2, 1a, 2a laterally with respect to the 
corresponding lenses 3,; 3a and/or rotating the corre- 
sponding light sources and lenses. The beam combiner 
20 may comprise a partially reflecting, partially transmit- 

20 ting mirror. 

Figure 5 illustrates a display device in which time 
multiplexing is used in order to enhance the autostereo- 
scopic display. The device is similar to that illustrated in 
Figure 1 but includes a second pair of polarized light 

25 sources 1b, 2b adjacent the pair present in the Figure 1 
embodiment. In use. the light sources 1 . 2 are switched 
on to illuminate the SLM 4, producing a first pair of 
images as described above. After a short predetermined 
time period, the light sources 1 , 2 are switched off, the 

so display of the SLM 4 changed, and the light sources 1b, 
2b switched on so as to produce a second pair of images 
spaced from the first pair of images. Each of the light 
sources can be segmented with different segments 
being switched synchronously with the addressing of the 

35 SLM 4. The device illustrated in Figure 5 is capable of 
displaying four different images at spaced locations 
using a single SLM 4. By using an SLM 4 capable of very 
rapid display changes and pairs of light sources 1 , 2, 1b, 
2b which can be switched at a suitably high speed, a sub- 

40 stantially flicker free display can be provided. Displays 
capable of displaying more images, for example sixteen 
images, may also be produced in this manner with a suf- 
ficiently high frame rate SLM 4. 

The display device illustrated in Figure 6 differs from 

45 that of Figure 1 in that a projection lens arrangement 17 
is provided to project the images onto a lenticular screen 
1 8 so that, when viewed from zone 6a, the observer sees 
one of a stereoscopic pair of images and, when viewed 
from zone 6b, the other image of the stereoscopic pair is 

so seen. The display device illustrated in Figure 6 has the 
advantage that a relatively large image can be produced. 

Other types of projection configuration may be used, 
for example as described in EP 0 653 891 . In addition, 
the polarization adjusting means may be spaced from 

55 the plane of the liquid crystal layer of the SLM 4. for 
example by being provided on the outer surface of the 
glass substrate thereof. A further alternative is to position 
the elements of the polarization adjusting means on the 



5 
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surface of the projection screen 8 rather than on the liq- 
uid crystal of the SLM 4. 

As is well known, normally black and normally white 
pixels have different output grey levels with applied volt- 
age. Accordingly, in order to provide matched perform- 
ance for on-axis viewing, hardware or software 
corrections must be applied. This increases the com- 
plexity of the display. 

The term "mode" as used herein refers to the degree 
of attenuation of light by a liquid crystal element in the 
absence of an applied field across the liquid crystal. 
There are two such modes, namely a normally white 
mode in which there is low attenuation in the absence of 
an applied field and a normally black mode in which there 
is high attenuation in the absence of an applied field. 

Figure 25 illustrates diagrammatically the operation 
of a stereoscopic 3D display of known flat panel polari- 
sation type. The display comprises an SLM 4 formed by 
a liquid crystal device (LCD) and comprising a regular 
array of pixels (picture elements). The pixels are 
arranged as two sets of interlaced pixels with the pixels 
of the first set supplying light having a first direction of 
(linear or circular) polarisation and the pixels of the sec- 
ond set supplying light having the orthogonal polarisa- 
tion. This is indicated by the different directions of 
shading in Figure 25. The pixels 1 2 ol the first set display 
a first image of a stereoscopic pair for viewing by the left 
eye of an observer whereas the pixels 13 of the second 
set display an image for viewing by the right eye of the 
observer. A suitable unpolarised backlight (not shown) 
supplies light to the SLM 4. 

In order for the observer to see the 3D stereoscopic 
image, analysing glasses 1 04 are worn. The glasses 1 04 
comprise polarisers 105 and 106 for the left and right 
eyes, respectively, of the observer. The polarisation 
directions of the polarisers 1 05 and 1 06 match the output 
polarisations of the pixels 1 2 and 1 3 of the first and sec- 
ond sets, respectively. Thus, the polariser 105 passes 
the image encoded by the pixels 12 of the first set while 
greatly attenuating light from the pixels 1 3 of the second 
set whereas the polariser 106 passes light from the pix- 
els 13 with relatively little attenuation while greatly atten- 
uating light from the pixels 12. 

In the case of linear polarisers, the cross talk per- 
formance degrades as the observer tilts his head 
because extinction by the polarisers 105 and 106 of light 
from the pixels 1 3 and 12, respectively, is reduced. Cross 
talk for the right eye of the observer whose head is tilted 
by an angle 6 is given by: 

I l cos z (tc/2-9)/I R cos 2 G 

where l L and Ir are the light intensities for the left and 
right eyes, respectively. For a tilt angle of 8=10°. which 
is of the order of one full pupil height, the cross talk is 3%. 

The use of circular polarisation techniques substan- 
tially eliminates cross talk caused by tilting of the head 
of the observer. However, circular polarisers tend to suf- 
fer from a poor base level of cross talk which is believed 



to be caused by limited optical bandwidth of circular 
polarisers. 

As shown in Figures 26 and 27, the SLM 4 com- 
prises a uniform rear polariser 108 and glass substrates 

5 109 and 110 having a thickness of the order of 1 mm 
whereas the size of the pixels 12 and 13 is of the order 
of 1 00 micrometers. The pixels 12 and 13 are located on 
the internal surface of the substrate 110 whereas a 
micropolarising layer comprising polarising pixels 112 

10 and 1 13 aligned with the pixels 12 and 13, respectively, 
is located on the external surface of the substrate 110. 
A black matrix or mask 117 which covers the gaps 
between the pixels, for instance where electrodes, tran- 
sistors, and capacitors are located, is intended to 

is improve image contrast. 

Figure 26 illustrates correct positioning of an 
observer eye 1 1 4 for viewing the 3D stereoscopic image. 
Light from a pixel displaying a left eye image element 
passes from the pixel 13a through the corresponding 

20 polarising pixel 1 1 3a and through the polarising glasses 
1 05 to the observer eye 114. The observer eye 1 1 4 sees 
only the pixel 13a and the adjacent portion 1 17a of the 
black mask. The right eye (not shown) of the observer 
similarly sees only the pixels 12 and adjacent parts of 

25 the black mask 117. 

The upper part of Figure 27 illustrates the view which 
the observer eye 114 has after moving upwardly with 
respect to the position illustrated in Figure 26. In this 
position, the eye 1 1 4 can see through the polarising pixel 

30 1 13a to part of the pixel 13a which is aligned with the 
polarising pixel 113a. However, because of parallax 
errors resulting from the relatively thick substrate 1 10, 
the eye 114 can also see part of the pixel 12a through 
the polarising pixel 1 13a. Thus, the eye 114 sees pixels 

35 displaying both the left and right eye images of the ster- 
eoscopic pair, which results in substantial cross talk 
between these images and reduction in or loss of the 3D 
effect. 

The lower part of Figure 27 illustrates the situation 

40 when the eye 114 has moved further vertically. In this 
case, the eye 114 can see the pixel 12b through the 
polarising pixel 1 1 3b. Thus, the left eye 114 sees the right 
eye pixel 12b. Similarly, the right eye sees the left eye 
pixel so that a pseudoscopic image is observed and the 

45 3D effect is lost. 

The observer thus has a very limited vertical viewing 
range if the 3D image is to be viewed stereoscopically 
with acceptable cross talk and image intensity and con- 
trast ratio. If the micropolariser layer pixels are arranged 

so as horizontal stripes freedom of observer movement will 
be limited vertically whereas vertical stripes will result in 
limited horizontal freedom of movement. A "chequer- 
board" pixel arrangement will limit freedom of movement 
both horizontally and vertically. Even if an observer track- 

55 ing system is provided to track the position of the 
observer and to swap the left and right images in order 
to prevent pseudoscopic viewing when the observer 
moves, cross talk and contrast degradation produced by 
the mechanism illustrated in Figure 27 still provides poor 
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results for intermediate positions of the observer 
between image switching positions. 

The known type of SLM shown in Figure 28 substan- 
tially avoids the problems created by parallax between 
the pixels 12 and 13 and the polarisation layer providing 
the polarisation pixels 35a and 35b by locating the polar- 
isation pixels between the glass substrate 19 and a liquid 
crystal layer 20 which is shown as a twisted nematic liq- 
uid crystal (TN-LC) layer in Figure 28. By locating the 
output polarising pixels 35a and 35b substantially imme- 
diately adjacent the image pixels in the liquid crystal layer 
20, the parallax problems illustrated in Figures 26 and 
27 are substantially overcome. 

The SLM 4 shown in Figure 28 further comprises a 
glass substrate 21 and an input polariser 22. Other ele- 
ments, such as electrode layers and alignment layers, 
are not shown for the sake of clarity. 

In use, the input polariser 22 passes light of a first 
linear polarisation at 23 and 24 to the pixels 12 and 13 
whereas light of the orthogonal linear polarisation shown 
at 25 and 26 is greatly attenuated in accordance with the 
extinction ratio of the input polariser 22. In the drawings, 
the arrows such as 23 and the dots such as 26 indicate 
orthogonal linear polarisations of transmitted light. 

The pixel 12 has an input polariser formed by part 
of the polariser 22 and the output polariser 35a whose 
directions of polarisation are perpendicular to each 
other. Thus, the pixel 12 operates in the normally white 
mode i.e. transparent in the absence of an applied elec- 
tric field across the liquid crystal layer of the pixel 1 2. This 
is because a standard TN-LC rotates the input polarisa- 
tion by 90 degrees in the unpowered state. The pixel 13 
has an input polariser formed by the aligned part of the 
polariser 22 and an output polariser 35b whose polari- 
sation directions are parallel. Thus, the pixel 1 3 operates 
in the normally black mode i.e. substantially opaque in 
the absence of an applied electric field across the liquid 
crystal layer of the pixel 13. 

As is well known, normally black and normally white 
pixels have different output grey levels with applied volt- 
age. Accordingly, in order to provide matched perform- 
ance for on-axis viewing, hardware or software 
corrections must be applied. This increases the com- 
plexity of the display. 

Another problem with SLMs of the type shown in Fig- 
ure 28 having pixels operating in the normally black and 
normally white modes is that the contrast performance 
varies with the angle of viewing away from the axial view- 
ing position. For instance, for different vertical viewing 
positions of the observer, a matched contrast perform- 
ance for the pixels 12 and 13 for on-axis viewing 
becomes substantially mismatched. This gives rise to 
differences in apparent brightness and contrast between 
the left and right eye views which change as an observer 
moves with respect to the display. This can result in visual 
stress and false depth queues via the Pulfrich effect so 
that the effective observer viewing-position freedom for 
a display of the type illustrated in Figure 28 is again lim- 
ited. 



Figure 7 shows two adjacent pixels of an SLM which 
constitutes an embodiment of the invention and which 
may be used in the displays shown in Figures 1 to 6. The 
pixels 12and 13 have input polarisers 31 and33.respec- 

5 tively whose polarisation directions are perpendicular to 
each other. The input polarisers 31 and 33 form regions 
of a pixellated array of micropolarisers located at the 
internal surface of the substrate 21. A 90 degree rotator 
. 32, which rotates the plane of linear polarisation by 90 

to degrees, is disposed between the input polariser 31 and 
the liquid crystal pixel 12. The rotator 32 may provide 
rotation by birefringence (e.g. a half wavepl ate), guiding, 
or a combination of the two and rotates the polarisation 
of light from the input polariser 31 by 90 degrees. A com- 

15 pensation plate 34 is disposed between the input polar- 
iser 33 and the liquid crystal pixel 13 to fill the gap which 
would otherwise occur between the input polariser 33 
and the (constant thickness) liquid crystal layer 20 i.e. 
the compensation plate 34 can be optically isotropic, in 

20 which case it compensates for the thickness of the half 
waveplate function in the other group of pixels. However, 
it is also possible to use further compensation plates (not 
shown) which contain an anisotropic component (such 
as birefringence) which can further improve the viewing 

2s angle properties of the display. The compensation plate 
34 may also be used to provide all or part of the aniso- 
tropic component for the associated pixel 1 3. The rotator 
32 and the compensation plate 34 may include colour 
filtering in order to provide a colour display. 

30 The surface of the substrate 1 9 which is external to 
the SLM carries a single layer non-pixellated output 
polariser 35. 1 

With the direction of light through the SLM as shown 
by the arrows 38 and 39, the display may be operated in 

35 the autostereoscopic mode as described herein. A 
source of illumination (not shown) is located to the left of 
the SLM as shown in Figure 7 and comprises adjacent 
light sources, one of which produces light having the lin- 
ear polarisation illustrated at 23 and 24 and the other of 

40 which produces light having the linear polarisation indi- 
cated at 25 and 26. Light having the polarisation 23 and 
24 is passed by the input polariser 33 but substantially 
blocked by the input polariser 31 whereas the light having 
the polarisation 25 and 26 is substantially blocked by the 

45 input polariser 33 but passed by the input polariser 31 . 
The rotator 32 rotates the polarisation of light by 90° so 
that the light passing into the liquid crystal pixels 1 2 and 
13 has the same polarisation. 

The output polariser 35 has a polarisation direction 

so which is perpendicular to the polarisation direction of 
input light to both the pixels 12 and 13. Accordingly, both 
the pixels 1 2 and 1 3 operate in the normally white mode. 
The output polariser 35 effectively generates grey scale 
for ach of the pixels 12;and 13 and the output light 36 

55 and 37 has the same polarisation for all of the pixels. 
Light from the pixels 1 2 of the first set is directed to a first 
viewing window for the left eye of the observer whereas 
light from the pixels 13 of the second group is directed 
to a second viewing window for the right eye of the 
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observer. With the eyes correctly positioned, the 
observer sees an autoslereoscopic 3D image. 

The input polarisers 31 and 33 and the rotator 32 
are disposed substantially adjacent the liquid crystal 
layer 20 so that parallax problems for off-axis viewing of s 
the image are substantially reduced or eliminated 
throughout a wide range of observer viewing positions. 
Because all of the pixels operate in the same normally 
white mode, contrast performances are substantially 
matched for a wide range of viewing positions of the io 
observer. 

By reversing the direction of light through the SLM 
shown in Figure 7, it may be used in a stereoscopic dis- 
play. The illumination source may be a randomly polar- 
ised Lambertian backlight which is linear polarised by the 75 
polariser 35. Light from the liquid crystal pixel 1 2 is ana- 
lyzed by the rotator 32 and the polariser 31 whereas light 
from the liquid crystal pixel 13 is analyzed by the polar- 
iser 33. The polarisation direction of light from the pixel 
1 2 is therefore perpendicular to the polarisation direction 20 
of light from the pixel 13 and, by wearing suitable ana- 
lysing glasses such as those shown in Figure 25, an 
observer sees a stereoscopic image throughout an 
extended viewing region without degradations caused by 
parallax and mismatched off-axis contrast performance. 25 

Figure 8 shows an SLM 4 which differs from that 
shown in Figure 7 in that the rotator 32, the compensa- 
tion plate 34, and the output polariser 35 are omitted and 
output polarisers 35a and 35b of the type shown in Figure 
28 are provided in the form of a pixellated polarisation 30 
layer disposed between the liquid crystal layer 20 and 
the substrate 19. 

With the direction of light as shown by the arrows 38 
and 39 through the SLM 4, the SLM may be used as part 
of an autostereoscopic 3D display in the same way as 35 
the SLM shown in Figure 7. The input polariser 31 
passes light polarised in the direction 26 but blocks light 
polarised in the direction 24 whereas the input polariser 
33 passes the light 23 but blocks the light 25. The pixels 
12 and 13 operate in the normally white mode and the 40 
output polarisers 35a and 35b analyze the grey level, 
providing output light 36 and 40 with perpendicular polar- 
isation directions. The observer does not need to wear 
analysing glasses for autostereoscopic viewing. How- 
ever, by wearing such glasses with the left and right eye 45 
analyzer polarisation directions parallel to the polarisa- 
tion directions of the output polarisers 12 and 13, respec- 
tively, residual cross talk at the eyes of the observer may 
be further reduced. 

In fact, the SLM 4 shown in Figure 8 is symmetrical so 
with respect to the direction of light therethrough and can 
be used in a stereoscopic 3D display since output light 
from the pixels 12 has a polarisation direction perpen- 
dicular to that of output light from the pixels 13. 

Figure 9 shows an SLM 4 which differs from that ss 
shown in Figure 7 in that the input polarisers 31 and 33 
are replaced by a non-pixel lated input polariser 22 dis- 
posed between the rotator 32 and the compensation 
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plate 34 on the one side and the liquid crystal layer 20 
on the other side. 

For autostereoscopic operation, the light 23 and 25 
from the polarised light sources passes through the com- 
pensation plate to the input polariser 22, which passes 
the light 23 and blocks the light 25. The rotator 32 rotates 
the polarisation of the light 24 and 26 so that the light 24 
is blocked by the input polariser 22 but the light 26, fol- 
lowing rotation, is passed to the liquid crystal pixel 12. 
The output polariser 35 analyses the grey scale from the 
pixels 12 and 13. 

In the stereoscopic mode, light from a randomly 
polarised source passes in the opposite direction 
through the SLM 4. The output light from the liquid crystal 
pixels 1 2 and 1 3 is polarised by the polariser 22 and sup- 
plied direct from the pixel 13 while being rotated by 90 
degrees by the rotator 32 of the pixel 12. 

A manufacturing advantage of the embodiment of 
Figure 9 compared with that of Figure 7 is that only one 
pixellated layer, namely that comprising the rotator 32 
and the compensation plate 34, is required. The internal 
polariser need not be pixellated. Thus, the number of 
mask steps during manufacture may be reduced. 

Figure 10 shows an SLM 4 which differs from that 
shown in Figure 7 in that the rotator 32 and compensa- 
tion plate 34 are omitted and a 90 degree rotator 41 and 
a compensation plate 42 are provided. The rotator 41 is 
disposed between the liquid crystal layer 20 of the pixel 

1 2 and the substrate 1 9 whereas the compensation plate 
42 is disposed between the liquid crystal layer 20 of the 
pixel 1 3 and the substrate 1 9. 

For autostereoscopic operation with orthogonally 
polarised light sources, the input polarisers 31 and 33 
pass light of orthogonal polarisations. Light from the pixel 

13 is analyzed directly by the output polariser 35 
whereas light from the pixel 12 is rotated by 90° by the 
rotator 41 and analyzed by the output polariser 35. Thus, 
both pixels 12 and 13 operate in the normally white 
mode. 

For stereoscopic operation, the direction of light 
through the SLM 4 is reversed and the polarisers 31 and 
33 supply light of orthogonal polarisations. 

Figure 1 1 shows an SLM 4 which differs from that 
shown in Figure 9 in that the rotator 32 and the compen- 
sation plate 34 are replaced by a +quarter waveplate 44 
and a -quarter waveplate 45, respectively. 

Figure 1 1 illustrates autostereoscopic operation of 
the SLM 4. Light sources 46 and 47 provide right-handed 
and left-handed circularly polarised light, respectively. 
The combination of the plate 44 and the input polariser 
22 passes the right-handed polarised light 48 from the 
light source 46 but blocks the left-handed polarised tight 
from the source 47. Similarly, the plate 45 and the input 
polariser 22 pass left-handed circularly polarised light 
from the light source 47 but block light from the source 
46. The pixels 12 and 13 both operate in the normally 
white mode. 

For stereoscopic operation, light passes through the 
SLM 4 in the opposite direction. Randomly polarised 
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input light is polarised by the polariser 35 and analyzed 
by the polariser 22. The plates 44 and 45 convert the 
output light to right-handed and left-handed circularly 
polarised light, respectively, which may then be analyzed 
by suitable analysing glasses. 

Figure 12 shows an SLM 4 which differs from that 
shown in Figure 9 in that the output polariser 35 is dis- 
posed next to the liquid crystal layer 20, a compensation 
plate 50 is disposed between the output polariser 35 and 
the substrate 19 for the pixel 12 and, for the pixel 13, a 
90 degree rotator 51 is disposed between the output 
polariser 35 and the substrate 19. 

For autostereoscopic operation as illustrated in Fig- 
ure 12, operation of the SLM differs from that of Figure 
9 in that the polarisation of light from the pixel 13 is 
rotated by 90 degrees. Thus, an observer sees the 3D 
image without requiring any viewing aids. However, 
because the left and right views have orthogonal direc- 
tions of polarisation, the observer may wear suitable 
analysing glasses in order to reduce residual cross talk 
in the autostereoscopic mode. 

The SLM 4 of Figure 12 may be used in a stereo- 
scopic display with light passing in the same direction as 
during autostereoscopic operation. In fact, the SLM of 
Figure 12 is symmetrical with respect to the direction of 
passage of light. Thus, the display may be switched 
between autostereoscopic and stereoscopic operation 
merely by changing between perpendicularly polarised 
light sources for autostereoscopic operation and a ran- 
domly polarised light source for stereoscopic operation. 

In the SLM shown in Figure 12, each of the pixels 
1 2 and 13 has a compensation plate/rotator pair so that 
any performance degradations which occur in these 
components are balanced between the pixels 1 2 and 13. 
As in all of the SLMs described herein, appropriate col- 
our filters may be provided substantially adjacent the liq- 
uid crystal pixels 12 and 13 so as to avoid parallax 
effects. 

The SLM 4 shown in Figure 13 differs from that 
shown in Figure 1 2 in that the input and output polarisers 
22 and 35 are omitted and are replaced by pixellated 
polarising layers adjacent the substrates 21 and 1 9. The 
pixel 12 is thus provided with an input polariser 31 and 
an output polariser 35a whereas the pixel 13 is provided 
with an input polariser 33 and an output polariser 35b. 
The SLM of Figure 13 may be used in the same way as 
the SLM of Figure 12 for stereoscopic and autostereo- 
scopic operation and, with suitable analysing glasses, for 
reduced cross talk autostereoscopic operation. 

Figure 1 4 illustrates an SLM 4 which differs from that 
shown in Figure 1 1 in that the output polariser 35 is dis- 
posed adjacent the liquid crystal layer 20. the pixel 12 is 
provided with a quarter waveplate 52. and the pixel 13 
is provided with a ^quarter waveplate 53. 

For autostereoscopic operation, the SLM of Figure 
14 is illuminated by polarised light sources such as the 
sources 46 and 47 shown in Figure 1 1 . The output light 
from the pixels 12 and 13 is analyzed by the output polar- 
iser 35 and then converted to circular polarisation of 



opposite handedness by the plates 52 and 53. The 
observer can view the 3D image autostereoscopically 
without any viewing aids or may wear suitable analysing 
glasses so as to improve the cross talk performance. 

5 For stereoscopic operation, randomly polarised light 
is polarised by the input polariser 22 and analyzed by the 
output polariser 35. The output light is then converted to 
circularly polarised light of opposite handedness and the 
3D image can be viewed by an observer wearing suitable 

10 analysing glasses. ! 

The structure of the SLM shown in Figure 1 4 is sym- 
metrical with respect to ; the direction of light passing 
therethrough. Accordingly, changing between stereo- 
scopic and autostereoscopic operation may be achieved 

75 by changing between polarised and unpolarised light 
sources. ; 

The SLM 4 shown in Figure 15 differs from that 
shown in Figure 1 4 in that the + and -quarter waveplates 
44 and 45 are replaced by a 90 degree rotator 32 and a 

20 compensation plate 34, ; respectively. For autostereo- 
scopic operation, linearly polarised light sources 56 and 
57 having orthogonal polarisation directions are used in 
place of the circularly polarised light sources 46 and 47 
of Figure 11. The input polariser 22 passes light having 

25 the polarisation 23 from the source 57 while blocking light 
having the polarisation 26 from the source 56. The com- 
bination of the rotator 32 and the input polariser 22 
passes light having the polarisation 26 from the source 

56 while blocking light having the polarisation 23 from 
30 the source 57. The output polariser 35 analyses grey 

scale from the pixels 12 and 13 and the waveplates 52 
and 53 convert the output light from the pixels 1 2 and 1 3 
to circularly polarised light of opposite handedness. The 
observer sees the 3D image without having to wear view- 
35 ing aids or may wear suitable analysing glasses so as to 
reduce residual cross talk. 

For stereoscopic operation, the light sources 56 and 

57 are replaced by a randomly polarised Lambertian light 
source. Light from the light source is polarised by the 

40 polariser 22, analyzed by the polariser 35, and converted 
by the waveplates 52 and 53 to circularly polarised light 
of opposite handedness- The observer wears suitable 
analysing glasses in order to see the 3D image. As pre- 
viously described, the use of circularly polarised output 

45 light means that the cross talk performance is not 
affected by tilting of the Head of the observer. 

The SLM 4 shown 'in Figure 16 differs from that 
shown in Figure 13 in that the 90 degree rotator 32 is 
replaced by a -45 degree rotator 60, the compensation 

so plate 34 is replaced by a + 45 degree rotator 61 , the com- 
pensation plate 50 is replaced by a + 45 degree rotator 
62 and the 90 degree rotator 51 is replaced by a -45 
degree rotator 63. 

For autostereoscopic operation, linearly polarised 

55 light sources such as those shown in Figure 15 are used. 
The input polarisers 31 and 33 pass light of orthogonal 
linear polarisations and the rotators 60 and 61 rotate the 
polarisations so that the light applied to the liquid crystal 
layer of the pixels 12 and 13 is of the same linear polar- 
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isation. The combinations of the output polarisers 35a 
and 35b and the rotators 62 and 63 analyze light of the 
same polarisation from the liquid crystal layer 20 for the 
pixels 12 and 13 and provide output light from the pixels 
of orthogonal linear polarisations. The 3D image can be 
viewed without viewing aids or via suitable analysing 
glasses for reducing residual cross talk. For stereoscopic 
operation, randomly polarised light is polarised by the 
input polarisers 31 and 33 and the orthogonally polarised 
output light is analyzed by suitable analysing glasses. 

The arrangement of Figure 16 may be advanta- 
geous because of the use of balanced rotators at each 
polarisation stage. Any viewing angle differences of the 
rotators are effectively reduced by the use of matched 
pairs of rotators for each of the pixels 12 and 13. 

The SLM 4 shown in Figure 17 differs from that 
shown in Figure 13 in that an output broadband quarter 
waveplate 65 is disposed on the external surface of the 
substrate 1 9. Operation of the SLM of Figure 1 7 differs 
in that the orthogonal linear output polarisations of the 
SLM shown in Figure 1 3 are converted to orthogonal cir- 
cular polarisations. Similarly, a broad band quarter wave- 
plate may be placed on the external surface of the 
substrate 21 for use with circularly polarised light 
sources for autostereoscopic operation. 

Although not explicitly shown in the embodiments 
described hereinbefore, it is implicit that alignment layers 
for the liquid crystal of the layer 20 are uniform through- 
out the extent of the layer. However, this is not essential. 
For example, Figure 18 shows a spatial light modulator 
4 of the type shown in Figure 8 in which alignment layers 
70 to 73 for the pixels 12 and 13 are explicitly shown. In 
this embodiment, the alignment layers have alignment 
directions which are different for the pixels 12 and 13. 
Thus, the alignment layer 70 has an alignment direction 
which is parallel to the absorbing axis of the polariser 31 
whereas the alignment layer 71 of the pixel 13 has an 
alignment direction which is parallel to the absorbing axis 
of the polariser 33. Similarly, the alignment directions of 
the layers 72 and 73 are parallel to the absorbing axes 
of the polarisers 35a and 35b, respectively. Thus, the 
alignment directions of the layers 70 and 71 of the pixels 
1 2 and 1 3 are perpendicular to each other. This arrange- 
ment improves the matching of the angular contrast per- 
formance of the pixels 12 and 13 compared to using a 
uniform alignment layer as shown in Figure 8. The angu- 
lar contrast in this arrangement is improved with respect 
to arrangements in which the alignment directions are 
perpendicular to the absorbing axes of the associated 
polarisers. 

The SLM 4 shown in Figure 19 differs from that 
shown in Figure 18 in that a multi-domain liquid crystal 
alignment is provided within each of the pixels 12 and 
13. In the arrangement shown by way of example in Fig- 
ure 19, each of the alignment layers is divided into two 
portions (indicated by subscripts a and b) having mutu- 
ally perpendicular alignment directions. Such an 
arrangement has the effect of matching the angular view- 
ing contrast performances of the pixels 12 and 13 by an 



averaging process. More complex domain structures 
within each pixel may also be used. 

In all of the SLMs described hereinbefore, operation 
of all of the pixels 12 and 13 has been in the normally 
white mode. However, each of these SLMs may be oper- 
ated in the normally black mode and Figure 20 shows an 
SLM 4 of the type shown in Figure 8 but modified for nor- 
mally black operation. In particular, the polarisers 35a 
and 31 of the pixel 1 2 have parallel polarisation directions 
and the polarisers 35b and 33 of the pixel 13 have parallel 
polarisation directions when the TN-LC effect is used. 
The other embodiments may be modified similarly so 
that output polarisation from the liquid crystal layer is 
analyzed parallel to the input polarisation of light to the 
layer 20. 

Similarly, optically active compensation plates may 
be provided in any of the embodiments, for instance so 
as to improve viewing range and angular contrast. 

Although the SLMs disclosed hereinbefore have 
been implicitly described with respect to twisted nematic 
liquid crystal layers, SLMs may readily be provided which 
use super twisted nematic liquid crystals and variable 
birefringence liquid crystal techniques such as electri- 
cally controlled birefringence or n cells. Further, complex 
compensation plates may be provided to match the bire- 
fringence for off-axis light passing through the different 
sets of pixels of the display. Such compensation plates 
may include a negative retardance component and may 
include guiding components of appropriate handedness 
of twist to improve and/or match the angular viewing con- 
trast. 

Figure 21 illustrates an SLM 4 which differs from that 
shown in Figure 8 in that the liquid crystal layer 20 is 
operated in the axially symmetric mode, for instance as 
described by N. Yamada et al, "Axially Symmetric Mode", 
SID95 Digest. In particular, the axially symmetric mode 
(ASM) establishes a radial or coaxially oriented liquid 
crystal alignment which is different from the linear align- 
ment of the standard TN-LC effect. In particular, it is pos- 
sible to achieve this ASM alignment without the 
polyimide alignment layer, which requires high tempera- 
ture processing. 

Image inversion (sometimes called contrast inver- 
sion) can occur when conventional displays are viewed 
substantially off -axis. When compared with the relative 
lightness on-axis. the same grey levels can have the 
opposite relative lightness off-axis because of the effect 
of the birefringence of the liquid crystal. Thus, parts of 
the image appear like in a photographic negative or con- 
trast inverted image. The polarisers are set to give 
matched angular viewing contrast and to preserve the 
excellent angular viewing properties of the axially sym- 
metric mode. Further compensation plates (not shown) 
may be added to preserve the exceptionally wide viewing 
angle and freedom from "image inversion" properties 
inherent in the axially symmetric mode and/or to improve 
the matching of the off -axis contrast performances of the 
pixels 12 and 13. 
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As is well known, polarisers can be damaged by 
ultraviolet light and usually include an ultraviolet protect- 
ing film. With appropriately shaped micropolariser pat- 
terns, this film may be used to form all or part of an 
ultraviolet exposure mask, for instance for use in the fab- 
rication of an axially symmetric mode SLM. In addition, 
the ultraviolet shielding and polarising properties of the 
micropolariser have to be considered in order to allow 
the formation of polymer walls around each pixel. 

The axially symmetric mode may be used in other 
embodiments, in particular in autostereoscopic and ster- 
eoscopic displays with the SLM of Figures 9 and 1 1 and 
in stereoscopic displays with the SLM of Figure 10. 

A transparent conductor electrode for applying a 
field to the liquid crystal layer may be located between 
the optical components and the substrate or between the 
optical components and the liquid crystal layer. In the 
former case, the effect of the additional dielectric layers 
in series with the liquid crystal layer has to be taken into 
account, for instance on the required drive voltage from 
an active matrix element 

The left part of Figure 22 illustrates an arrangement 
in which an (optional) alignment/barrier layer 80 is dis- 
posed between the liquid crystal layer 20 and a patterned 
transparent conductor 82. This arrangement is of the 
type comprising polarisers 35a and 35b which are dis- 
posed between the conductor 82 and a planarisation 
layer 84. At least one (optional) active device/electrode 
layer 86 is formed on the substrate 19 and is overlayed 
by the planarisation layer 84. The conductor 84 is thus 
disposed between the optical components 35a, 35b and 
the liquid crystal layer 20 but is separated from the active 
drive/electrode layer or layers 86. Accordingly, suitable 
through connections 88 are provided between the con- 
ductor 82 and the layer or layers 86. 

The right part of Figure 22 illustrates an arrange- 
ment which differs from that shown in the left part of Fig- 
ure 22 in the order of layers between the liquid crystal 
layer 20 and the substrate 1 9. Thus, the patterned trans- 
parent conductor 82 is disposed on the substrate 1 9 and 
is overlayed by the active device/electrode layer 86, 
which in turn is provided with the planarisation layer 84. 
The conductor 82 is thus connected directly to the layer 
86 and does not require the through connections 88. 
However, because the optical components 35a, 35b and 
the layers 84 and 86 are disposed between the conductor 
82 and the liquid crystal layer 20. the drive voltage may 
have to be increased for correct operation of the display. 

In the event that displays using SLMs of the type dis- 
closed herein are required not only to provide 3D images 
but also 2D images, the 2D image will have the full res- 
olution of the SLM. This is advantageous compared with 
autostereoscopic 3D displays of the lenticular or parallax 
barrier type, in which the 2D display resolution is a frac- 
tion of the SLM resolution. 

In SLMs required to provide a colour display, as 
mentioned hereinbefore, colour filters may be incorpo- 
rated near the liquid crystal layer so as to minimise par- 
allax effects. Wavelength dependent components such 
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as quarter waveplates. 90 degree rotators, and 45 
degree rotators may then be tuned to the colour filter 
associated with each pixel of the display. 

In the SLMs described hereinbefore, the rotation 

5 functions may be provided by birefringence or guiding or 
a combination of the two. Both the rotation and the com- 
pensation elements may also be composite devices 
formed from more than one layer in order to increase the 
' optical band width of the. devices or to improve further 

io the range/matching of angular viewing cones of the 
groups of pixels. 

The SLMs described hereinbefore all include optica! 
elements which have to be incorporated within the LCD 
itself. The materials of which these elements are made 

is must therefore be capable of enduring the processing 
temperature and environment associated with LCD fab- 
rication without significant degradation. As is well known, 
some though not all LCDs use alignment layers to pro- 
mote or stabilise the liquid crystal orientation. Some 

20 known types of alignment layer require processing at 
temperatures in the vicinity of 200°C. The materials of 
the optical elements should endure the liquid crystal 
processing environment r without substantial degrada- 
tion. ! 

25 Although not limited! to active matrix displays, this 
important class of display introduces some additional 
fabrication issues compared with passive matrix dis- 
plays. In particular, the additional components must not 
introduce unacceptable contamination into the liquid 

30 crystal material which might affect important properties, 
such as the holding ratio. Barrier layers may therefore be 
used to help protect the liquid crystal material from deg- 
radation. 

Further, the processing temperature of an active 

35 matrix substrate can be higher than that of a counter 
electrode substrate. Thus, it may be advantageous to 
adopt structures described hereinbefore where the 
external components such as the polarisers may be dis- 
posed on the outside of the active matrix substrate rather 

40 than the counter electrode substrate. 

In the embodiments described hereinbefore, polari- 
sation has been performed by polarisers which are dis- 
tinct from the liquid crystal layers. However, it is possible 
to omit some of the polar isers by using guest- host layers 

45 in which a dye or dyes with anisotropic absorption char- 
acteristics are mixed with the liquid crystal. For instance, 
in one type of guest-host system, alignment layers hav- 
ing parallel alignment directions cause the liquid crystals 
to align parallel to each other in the absence of an applied 

so field. The anisotropic dye molecules align with the liquid 
crystal molecules so that the layer acts as a linear polar- 
iser. When a field is applied across the layer, the parallel 
alignment of molecules is disrupted and the layer trans- 
mits light with little or no polarisation. 

55 In the case of embodiments, such as that shown in 
Figure 9, having a polariser common to all pixels, the 
polariser 22 or 35 may be omitted and, for instance, a 
dye or dyes with anisotropic absorption characteristics 
may be added to the liquid crystal layer 20. In the case 
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of embodiments, such as that shown in Figure 8, in which 
the pixels 12 and 13 are associated with potarisers hav- 
ing orthogonal polarisation directions, the potarisers on 
one side of the layer 20 may be omitted and the align- 
ment layers of the pixels 1 2 and 1 3 may have orthogonal 
alignment directions so that the pixels 12 and 13 act as 
orthogonal potarisers. Such arrangements avoid possi- 
ble manufacturing difficulties involved with SLMs having 
distinct polarisers as described hereinbefore. 

In various of the SLMs described hereinbefore, spe- 
cific values of angular rotation of the polarisation vectors 
have been described. However, it is the relative rotations 
between the two groups of pixels which are important 
For instance, rotations of -30° and + 60° are equivalent 
to rotations of 0° and 90° as are rotations of 90° and 1 80°. 

Figure 23 shows another possible configuration of 
the polarizing elements of a liquid crystal display. As illus- 
trated, the polarization adjusting elements may be incor- 
porated with the colour filters in a single layer. 

In each of the described errtbodiments, the SLM 
includes a liquid crystal layer for modulating the light inci- 
dent thereon. Other transmissive spatial light modulators 
may be used. 

Figure 24 shows a programmable plane polarized 
light source suitable for use in the display devices of Fig- 
ures 1 to 6. The polarized light source comprises a 
source 90 of non-polarized light arranged to transmit light 
towards a polarizing plate 91. The polarizing plate 91 is 
substantially transparent to plane polarized light of a first 
polarization and substantially opaque to plane polarized 
light having a polarization axis perpendicular to the first 
polarization. Light from the polarizing plate 91 is incident 
upon a liquid crystal device which comprises a first glass 
substrate 93 carrying a first electrode and alignment 
layer, a liquid crystal layer 92 and a second glass sub- 
strate 94 carrying a second electrode and alignment 
layer. The liquid crystal layer 92 may comprise a layer of 
TN or ferroelectric liquid crystal material or may form a 
pi-cell. 

Operation of the light source using a TN layer will 
now be described. In use, the electrodes are used to 
switch the liquid crystal layer 92 between its fully driven 
state and its fully undriven state. In its driven state, the 
plane polarized light transmitted by the polarizing plate 
91 passes through the liquid crystal layer 92 without hav- 
ing its axis of polarization altered by the liquid crystal 
material. In the undriven state, the axis of polarization of 
the light passing through the liquid crystal layer 92 is 
rotated by 90°, the transmitted light having a polarization 
axis perpendicular to the light incident on the liquid crys- 
tal device. 

By controlling the liquid crystal device using a suit- 
able controller (not shown), the device can be used to 
produce two sources of polarized light, the polarization 
axes of which are perpendicular to one another. When 
used in a display device in which it is desirable to track 
the observer, the effective positions of the polarized light 
sources can be changed without, physically moving the 



light source by switching regions of the liquid crystal 
material between its fully driven and fully undriven states. 

Where the SLM is of the type in which the output 
polarisations are orthogonal, for example the SLMs illus- 

5 trated in Figures 8 and 1 2 to 21 , by switching from direc- 
tional polarized light sources to a Lambertian source, for 
instance arranged to emit light of random polarization or 
light polarized at an angle, preferably 45°, to both the first 
and second polarization, the image can be viewed from 

io a large number of locations provided viewing aids, for 
example spectacles having polarized lenses of cross 
polarization, are used. Thus, a switchable display capa- 
ble of displaying autostereoscopic images visible from a 
relatively small range of viewing positions or stereo- 

15 scopic images visible from a relatively large range of 
viewing positions is possible. For SLMs of the type in 
which the output polarisations is the same for all pixels, 
the SLM may be rotated so that light passes in the oppo- 
site direction for stereoscopic viewing. 

20 When the display is being used by one observer or 
only a small number of observers, it may be appropriate 
to operate the display autostereoscopically. However, 
when the larger number of observers wish to view the 
display simultaneously, the display maybe operated ster- 

25 eoscopically with the observer wearing polarisation ana- 
lysing glasses. 

Various modifications may be made within the scope 
of the invention. For instance, the polarised light sources 
and optical systems described hereinbefore may be 

30 replaced by an illumination system using holographic 
elements. In such an arrangement, each holographic 
element may be aligned with a respective micro polaris- 
ing element polarised in either of two orthogonal polari- 
sations and disposed on the input or output side of a 

35 hologram constituting the holographic elements. When 
appropriately illuminated with the correct reconstruction 
beam, each holographic element produces a defined 
viewing window for a certain colour. The holograms may 
be recorded so that each holographic element produces 

40 several viewing lobes with the holograms being arranged 
in groups so that the light from each group of pixels is 
imaged to one group of windows with the same polari- 
sation. An advantage of such holographic techniques is 
that improvements in the off-axis behaviour of thedisplay 

45 may be obtained because off-axis aberrations can be 
largely cancel led when recording the holograms. 

Suitable holograms may be made in photo polymer, 
dichromated gelatin, as an etched surface relief holo- 
gram, or as an embossed hologram. The holograms may 

so be computer-generated or may be recorded by interfer- 
ing light from an illuminated viewing window with a ref- 
erence beam and repeating this for each of red, green, 
and blue light. 

Such holograms may be laser illuminated. Atterna- 

55 tively, a collimated white light backlight may be used to 
illuminate such holograms. In one example, such a back- 
light may comprise a lens array disposed on the surface 
of a slit array with barriers disposed between adjacent 
lenses. Alternatively small glass spheres disposed on 
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apertures in a surface maybe used. Thus, a relatively 
compact design of backlight may be provided. Alterna- 
tively, it may be possfoie to produce the required collima- 
tion by means of an edge-lit hologram. 

It is also possible to operate the display as a rever- s 
sionary high resolution two dimensional display. In this 
case, the spatial light modulator displays a single two 
dimensional image using all of the pixels. For this type 
of operation, a backlight maybe switched from autoster- 
eoscopic operation to a Lambertian source, for instance 10 
using an element of the type shown in Figure 24, so that 
the display may be seen from a wide range of viewing 
angles. 

Cjalms is 

1. An autostereoscopic display characterised by an 
illumination source (1, 1a, 1b. 2, 2a, 2b. 9, 10) for 
producing light of a first polarisation and Jight of a 
second polarisation different from the first polarisa- 20 
tion, a spatial light modulator (4, 4a) for modulating 
light from the illumination source (1. 1a, 1b, 2, 2a. 
2b. 9. 10), and an optical system (3, 3a, 11.17, 18) 
for directing light of the first polarisation to a first 
viewing region (6a) and light of the second polarisa- 25 
tion to a second viewing region (6b). the spatial light 
modulator (4, 4a) comprising first and second 
groups of picture elements optically aligned with first 
and second polarization adjusting means respec- 
tively, the first polarization adjusting means (5a, 31 , 30 
22 + 32, 22 + 44 ) transmitting light of the first polar- 
isation and substantially preventing transmission of 
light of the second polarisation and the second 
polarisation adjusting means (56, 33, 22, 22 + 45) 
transmitting light of the second polarisation and sub- 35 
stantially preventing transmission of light of the first 
polarisation. 

2. A display as claimed in Claim 1 , characterised in that 
the first direction of polarisation is orthogonal to the 40 
second direction of polarisation. 

3. A display as claimed in Claim 1 or 2, characterised 
in that the first and second polarisation adjusting 
means (5a. 5b, 31, 33, 22 + 32, 22, 22 + 44, 22 + 45 
45) are disposed between a modulating layer (20) of 
the spatial light modulator (4, 4a) and the illumina- 
tion source (1, 1a, 1b, 2, 2a t 2b, 9, 10). 

4. A display as claimed in any one of Claims 1 to 3. so 
characterised in that the optical system (3, 3a. 11, 
17, 18) is disposed between the illumination source 
(1. 1 a. 1b, 2. 2a. 2b. 9. 10) and the spatial light mod- 
ulator (4, 4a). 

55 

5. A display as claimed in any one of the preceding 
claims, characterised in that the illumination source 
(1, 1a, 1b, 2, 2a. 2b) comprises at least one light 
source (9) and a plurality of polarisers (1 0, 1 0a. 1 0b). 
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6. A display as claimed in any one of the preceding 
claims, characterised in that the picture elements of 
the first group alternate with the picture elements of 
the second group. 

7. A display as claimed in any one of the preceding 
claims, characterised by a control circuit (7) for con- 
trolling the first and second groups of picture ele- 
ments to display first and second images, 
respectively, of a stereoscopic pair of images. 

8. An autostereoscopic display device as claimed in 
any one of the preceding claims, characterised in 
that the illumination source (1,1a, 1b, 2, 2a, 2b, 9, 
1 1 ) comprises a single source of light and polarizing 
means for converting the light emitted therefrom to 
light of the first polarization and light of the second 
polarization. 

9. An autostereoscopic display device as claimed in 
Claim 8, wherein thejpolarizing means comprises a 
polarizing sheet and a liquid crystal layer swrtchable 
between a state in which the polarization of light 
passing through the liquid crystal layer is rotated by 
90 (2m) degrees where m is an integer and a state 
in which the liquid crystal rotates the polarization 
axis by 90(2n + 1)° where n is an integer. 

10. A display as claimed in any one of the preceding 
claims, characterised in that the spatial light modu- 
lator (4, 4a) comprises first and second substrates 
(19, 21) defining therebetween a cell containing liq- 
uid crystal (20). the modulator (4. 4a) comprising a 
plurality of picture elements (12, 13) arranged to 
operate in the same mode and each comprising a 
polarisation adjuster:(5a, 5b, 31 , 33, 22 + 32, 22, 22 
+ 44, 22 + 45) disposed inside the cell, the picture 
elements (12, 13) being arranged as first and sec- 
ond sets, the polarisation adjusters (5a, 31 . 22 + 32. 
22 + 44) of the picture elements (12) of the first set 
being arranged to transmit light of a first polarisation 
between thef irst substrate (21 ) and the liquid crystal 
(20) and the polarisation adjusters (5b, 33, 22, 22 + 
45) of the picture elements (13) of the second set 
being arranged to transmit light of a second polari- 
sation different from the first polarisation between 
the first substrate (21) and the liquid crystal (20). 

11. A display as claimed in Claims 10, characterised in 
that the picture elements (12, 13) are arranged to 
operate in the normally black mode. 

12. A display as claimed in Claim 10, characterised in 
that the picture elements (12, 13) are arranged to 
operate in the normally white mode. 

13. A display as claimed in any one of the preceding 
claims, characterised in that the illumination source 
(1, 1a, 1b, 2, 2a. 2b, 9, 10) is switchable so as to 
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provide unpolarised light or light having a single 
polarisation which the first and second polarisation 
adjusting means are arranged to pass. 

14. A display as claimed in Claim 13, characterised in 
that the illumination system (1. 1a, 1b, 2, 2a, 2b, 9, 
10) is switchable so as to function as a Lambertian 
source. 

1 5. A display as claimed in Claim 1 3 or 1 4, characterised 
by a control circuit (7) for controlling the first and sec- 
ond groups of picture elements to display a two 
dimensional image with the picture elements of the 
first and second groups displaying different picture 
elements of the two dimensional image. 

16. A display as claimed in any .one of the preceding 
claims, characterised in that the first group of picture 
elements in arranged to output light of a third polar- 
isation and the second group of picture elements is 
arranged to output light of a fourth polarisation dif- 
ferent from the third polarisation. 

17. A display as claimed in Claim 16, characterised in 
that the third and fourth polarisations are orthogo- 
nal. 

18. A display as claimed in Claim i 6 or 1 7, characterised 
by polarising glasses having first and second polar- 
isers for passing light of the third and fourth polari- 
sations, respectively. 

19. A display as claimed in any one of Claims 1 to 15, 
characterised in that the spatial light modulator (4, 
4a) is rotatable so as to reverse the direction of light 
passing therethrough for stereoscopic operation. 

20. A spatial light modulator comprising first and second 
substrates (21 , 1 9) defining therebetween a cell con- 
taining a liquid crystal (20), characterised in that the 
modulator (4) comprises a plurality of pixels (12, 13) 
arranged to operate in the same mode and each 
comprising a polarisation adjuster (22, 31-34, 44, 
45, 60, 61) disposed within the cell, the pixels (12, 
13) being arranged as first and second sets, the 
polarisation adjusters (22, 31 , 32, 44, 60) of the pix- 
els (12) of the first set being arranged to transmit 
light of a first polarisation between the first substrate 
(21) and the liquid crystal (20) and the polarisation 
adjusters (22, 33, 34, 45, 61) of the pixels (13) of the 
second set being arranged to transmit light of a sec- 
ond polarisation different from the first polarisation 
between the first substrate (21 ) and the liquid crystal 
(20). 

21. A modulator as claimed in Claim 20, characterised 
in that the pixels (12) of the first set are interleaved 
with the pixels (13) of the second set. 



22. A modulator as claimed in Claim 20 or 21, charac- 
terised in that the second polarisation is substan- 
tially orthogonal to the first polarisation. 

5 23. A modulator as claimed in any one of the Claims 20 
to 22, characterised in that the first and second 
polarisations are linear polarisations. 

24. A modulator as claimed in Claim 22, characterised 
10 in that the first and second polarisations are circular 

polarisations of opposite handedness. 

25. A modulator as claimed in any one of Claims 20 to 
24, characterised in that the pixels (12, 13) are 

is arranged to operate in the normally black mode. 

26. A modulator as claimed in any one of Claims 20 to 
24, characterised in that the pixels (12, 13) are 
arranged to operate in the normally white mode. 

20 

27. A modulator as claimed in any one of Claims 20 to 
26, characterised in that each polarisation adjuster 
(22, 31-34, 44, 45, 60, 61) comprises an element 
which is distinct from the liquid crystal. 

25 

28. A modulator as claimed in any one of Claims 20 to 
26 characterised in that the liquid crystal (20) con- 
tains at least one anisotropic dye to form a guest- 
host layer constituting at least one of the polarisation 

30 adjusters. 

29. A modulator as claimed in any one of Claims 20 to 
28, characterised in that the polarisation adjuster 
(31) of each of the pixels (12) of the first set com- 

35 prises a first linear polariser (31 ) having af irst polar- 
isation direction and the polarisation adjuster (33) of 
each of the pixels (13) of the second set comprises 
a second linear polariser (33) having a second polar- 
isation direction substantially perpendicular to the 
40 first polarisation direction. 

30. A modulator as claimed in Claim 29, characterised 
in that each pixel (12) of the first set comprises a 
third linear polariser (35a) having a third polarisation 

45 direction disposed between the liquid crystal (20) 
and the second substrate (19) and each pixel (13) 
of the second set comprises a fourth linear polariser 
(35b) having a fourth polarisation direction substan- 
tially perpendicular to the third polarisation direction 
so disposed between the liquid crystal (20) and the sec- 
ond substrate (19). 

31. A modulator as claimed in Claim 29, characterised 
in that each of the pixels (1 2, 1 3) includes a first rota- 

55 tion adjuster (41. 42) disposed between the liquid 
crystal (20) and the second substrate (1 9), the polar- 
isation rotations of thefirst rotation adjusters (41 , 42) 
of the pixels (1 2, 1 3) of thefirst and second sets differ 
by substantially 90 degrees, and a fifth linear polar- 
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iser (35) is arranged to pass light having a fifth polar- 
isation direction passing through the second 
substrate (19). 

32. A modulator as claimed in any one of Claims 20 to 
28, characterised in that the polarisation adjuster 
(31 , 32. 60) of each of the pixels (12) of the first set 
comprises a first linear polariser (31) having a first 
polarisation direction and a second rotation adjuster 
(32. 60). the polarisation adjuster (33. 34, 61) of 
each of the pixels (13) of the second set comprises 
a second linear polariser (33) having a second polar- 
isation direction substantially perpendicular to the 
first polarisation direction and a third rotation 
adjuster (34, 61). and the second and third rotation 
adjusters (32. 60; 34, 61) are disposed between the 
liquid crystal layer (20) and the first and second 
polarisers (31 . 33), respectively, and provide polari- 
sation rotations which differ by substantially 90 
degrees. 

33. A modulator as claimed in Claim 32, characterised 
by a fifth linear polariser (35) arranged to pass light 
having a fifth polarisation direction passing through 
the second substrate (19). 

34. A modulation as claimed in Claim 32, characterised 
in that each pixel (12) of the first set comprises a 
third linear polariser (35a) having a third polarisation 
direction disposed between the liquid crystal (20) 
and the second substrate (19), each pixel(13) of the 
second set comprises a fourth linear polariser (35b) 
having a fourth polarisation direction substantially 
perpendicular to the third polarisation direction dis- 
posed between the liquid crystal (20) and the sec- 
ond substrate (19), and each of the pixels (12, 13) 
includes a first rotation adjuster (50, 51 . 62, 63) dis- 
posed between the liquid crystal (20) and the third 
and fourth linear polarisers (35a, 35b), the polarisa- 
tion rotations of the first rotation adjusters (50, 51, 
62, 63) of the pixels (12, 13) of the first and second 
sets differing by substantially 90 degrees. 

35. A modulator as claimed in any one of Claims 20 to 
28, characterised in that the polarisation adjusters 
(22, 32. 34) of the pixels (12, 13) of the first and sec- 
ond sets comprise second and third rotation adjust- 
ers (32, 34), respectively, providing rotations which 
differ by substantially 90 degrees and a sixth linear 
polariser (22) disposed between the liquid crystal 
(20) and the second and third rotation adjusters (32, 
34). 

36. A modulator as claimed in any one of Claims 20 to 
28, characterised in that the polarisation adjusters 
(22, 44, 45) of the pixels (1 2. 1 3) of thefirst and sec- 
ond sets comprise first positive and negative quar- 
terwave plates (44, 45), respectively, and a sixth 
linear polariser (22) disposed between the liquid 



crystal (20) and the first positive and negative quar- 
terwave plates (44, 45). 

37. A modulator as claimed in Claim 35 or 36. charac- 
5 terised by a fifth linear polariser (35) arranged to 
pass light having a fifth polarisation direction pass- 
ing through the second substrate (1 9). 

' 38. A modulator as claimed in Claim 35 or 36, charac- 
10 terised in that each of the pixels (12, 13) includes a 
first rotation adjuster (50. 51) disposed between the 
liquid crystal (20) and the second substrate (19). the 
polarisation rotations of the first rotation adjusters 
(50, 51 ) of the pixels (12,1 3) of the first and second 
is sets differ by substantially 90 degrees, and a fifth lin- 
ear polariser (35) is disposed between the liquid 
crystal (20) and the first rotation adjusters (50, 51). 

39. A modulator as claimed in Claim 35 or 36, charac- 
20 terised by second positive and negative quarter- 
wave plates (52, 53) disposed between the liquid 
crystal (20) and the second substrate of the pixels 
(1 2, 1 3) of the first and second sets and a fifth linear 
polariser (35) disposed between the liquid crystal 

25 (20) and the second) positive and negative quarter- 
wave plates (52, 53); 

40. A modulator as claimed in any one of Claims 20. 30. 
34 and 38, characterised by a quarterwave plate 
(65) for passing light passing through the second 
substrate (19). 
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41. A modulator as claimed in any one of Claims 29 to 
32, 34 to 36, 38 and- 39, characterised in that each 

35 of the pixels (12) of ; the first set comprises a first 
alignment layer (70) ; disposed between the first lin- 
ear polariser (31 ) and the liquid crystal (20) and hav- 
ing an alignment direction substantially 
perpendicular to the; first polarisation direction and 

40 each of the pixels ( 1 3) of the second set comprises 
a second alignment layer (71) disposed between the 
second linear polariser (33) and the liquid crystal 
(20) and having an alignment direction substantially 
perpendicular to theisecond polarisation direction. 

45 \ 

42. A modulator as claimed in any one of Claims 20 to 
40, characterised in that each of the pixels (12, 13) 
comprises an alignment layer (70a, 70b, 71a, 71b) 
disposed between the polarisation adjuster (31 , 33) 

so and the liquid crystal (20) and having a plurality of 
regions of different alignment directions. 

43. A modulator as claimed in Claim 42. characterised 
in that the alignment layer of each of the pixels (12, 

55 13) has first (70a. -71a) and second (70b, 71b) 
regions of substantially perpendicular alignment 
directions. 
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44. A modulator as claimed in any one of Claims 20 to 
40, characterised in that the liquid crystal (20) is 
arranged to have an axially symmetric alignment. 

45. A spatial light modulator comprising a liquid crystal s 
layer (20) and a substrate (21), characterised by a 
pixellated polarisation adjusting layer (22, 31 -34, 44, 
45. 60, 61 ) disposed between the liquid crystal layer 
(20) and the substrate (21) and in that the modulator 

(4) comprises a plurality of pixels (12, 13) arranged 10 
to operate in the same mode 
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(54) Autostereoscopic display 

(57) A display device comprises a source 1 of light 
of a first polarization, a source of tight of a second polar- 
ization different from the first polarization, an optical 
system arranged to image the light emitted by the light 
sources through a spatial light modulator (SLM) to pro- 
duce an image of the source of light of the first polariza- 
tion at a first viewing zone and an image of the second 
source of light at a second viewing zone, the SLM 
including a plurality of picture elements arranged to 
modulate the light emitted by the sources of light, and a 
plurality of polarization adjusting means each being 
optically aligned with at least one respective picture ele- 
ment, the polarization adjusting means comprising a 
first group arranged to permit the transmission of light of 
the first polarization and substantially prevent transmis- 
sion of light of the second polarization, and a second 
group arranged to permit the transmission of light of the 
second polarization and substantially prevent transmis- 
sion of light of the first polarization such that the image 
on the SLM which can be viewed from the first viewing 
zone is that of the picture elements optically aligned 
with the polarization adjusting means of the first group 
and the image which can be viewed from the second 
viewing zone is that of the picture elements optically 
aligned with the polarization adjusting means of the 
second group. The polarization adjusting means may 
comprise an array of polarizing elements 5a, 5b, or 



alternatively may comprise an array of wave plates 33. 
The optical system may. comprise a lens 3 or array of 
lenses provided between the light sources 1, 2 and the 
SLM 4. A spatial light modulator which may be used in 
3D displays of stereoscopic or autostereoscopic type 
comprises substrates (19, 21) between which is dis- 
posed a liquid crystal layer (20). The layer comprises 
two sets of pixels (12, 13) for displaying left and right 
eye images. A pixellated polarisation adjuster (31, 32; 
33. 34) is disposed between one of the substrates (21) 
and the liquid crystal layer (20) so as to minimise paral- 
lax effects. The pixels (12, 13) of the liquid crystal layer 
(20) are operated in the same mode i.e. all normally 
black or all normally white. 



Polaristd 
tight sources 



(sasia 



A 




Detail of pctansing 
A element* of SLM 

5 



6& 



Non-dtpoterisina, Itns 



Printed by Rank Xercw (UK) Business Services 
2.14.3/3.4 



BNSDOCID: <EP 072M32A31 > 



'1 .« , 



EP0 721 132 A3 



J 



European Patent EUROPEAN SEARCH REPORT _ TZTTZ^ 

Office EP 95 30 9180 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION On«.CL6) 


Y 
A 

D.Y 

A 

A 
A 

A 

A 


JP 63 274 921 A (JECO CO LTD) 11 November 
1988 

* abstract; figures * 

US 5 264 964 A (FARIS SADES) 23 November 
1993 

* column 5. line 17 - line 37; figures 
7A.7B * 

EP 9 332 268 A (PHILIPS NV) 13 September 
1989 

* the whole document * 

EP 0 477 882 A (HONEYWELL INC) 1 April 
1992 

* the whole document * 

JP 63 220 226 A (CITIZEN WATCH CO LTD) 13 
September 1988 

* abstract; figures * 

US 2 574 186 A (MAHLER) 6 November 1951 

* the whole: document * 


20,45 

1,2,6,7, 
10. 

21-24, 
27,29 

20,45 

1.2.5,6, 

21-24, 

27,29,40 

1,2, 
6-10, 
20-24, 
27,29,45 

1.2,6.7. 

9,10. 

20-24, 

27,29, 

31,36, 

40,45 

1,2,6,7, 
10. 

20-24, 
27,29, 
31,36, 
40.45 

1.2,8 


G02B27/26 
G02B27/22 
H04N13/00 
G02F1/1335 


TECHNICAL FIELDS 
' SEARCHED (Int.CI.6) 


G02B 

H04N 
G02F 


The present search report has been drawn up for all claims 


PIm» of seven D*e of cowpiellM ml U* learfe CjlmJbu 

THE HAGUE 3 March 1997 Ward, S 


CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the Invention 

E : earlier patent document, but published on, or 
X : particularly relevant if taken alone after the filing date 
Y : particularly relevant tf combined with another D : document dted in the application 
document of the same category L : document dted for other reasons 

A : technological background — 

O ; non- written dlsdosure * • men her of the same patent family, corresponding 
P : intermediate document document 



2 



PNF>nnr.m. <fp n7?nn?A3 i > 



EP 0 721 132 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numb«r 

EP 95 30 9180 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of rctevnnt passages 



Relevant 

to i 



CLASSIFICATION OF THE 
APPLICATION (lntCL6) 



US 2 203 687 A (LAND ET AL) 11 June 1940 
* the whole document * 

GB 2 231 754 A (VINCENT STEPHEN PAUL 
ROBERT) 21 November 1990 
the whole document * 



1,2,6 



TECHNICAL FIELDS 
SEARCHED (Int.CJ.5) 



The present search report has been drawn up for all claims 



Place mt umh 


Date «f «Ma*4am 9t la* scax* 


£x«aiaer 


THE HAGUE 


3 March 1997 


Ward, S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly rdevaat if combined with another 

document of the nne category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



: theory or principle underlying the invention 
: earlier patent document, but published on, or 



T:i 

E : earlier patent t 

after the filing date 
D : document dted in the application 
L : document dted for other reasons 



: member of th« same patent family, corresponding 
document 



3 



BNSDOCID: <EP 0721132A3J_> 



EP0 721 132 A3 



3 



European Patent 
OHice 



CLAIMS INCURRING FEES 



□ 
□ 



time of filing more man ten claims. 

,im.t. The present European sea/en report nas own 



The presem European patent application comprised at tna 

All claims i«hw nave Deen paid within the prescribed lima 
drown up for all claims. 

- in. prMcnDOO M. limrt. The pre..nt European 

On* pen o, .». **»,. ~v. o..n o..o "J l^^^^^^^o^e... 



□ 



namely claims: 

No claims fees have Oeen paid within 
drawn up for trie Urst ten claims. 



LACK OF UNITY OF INVENTION 

Ur _—— " „,,„„„ ooeJ not comply win in. requirement of un.ty of 

^. s . Jre „ D i«»on con,.o^» tnetin. pre,.n. Eurooeen P«.n« .pp..e».ioo ooes 
Invennon .no r€t«« to ..verel tnyentt.™ or groups of lnv.ni.oo.. 



- see sheet B 



□ 



„ * «. limit. TtM present Eurooeen seeren reoort riaa 
Ail turner ...rcn te« n.v. oeen p»|d wth.n .he fixed I'm. «m* 

been crawn up tor all claim s. 

- tnn lined time (imit. Hie present European searcn 

On, Pan ot tne turner se.rcn lee, nave oeen pa.d ««- - ^ ^ ^ ,„ 

report nas oeen drawn uo lor tnose pans of tne European patent app. 
resoect of wftien searcn lees nave oeen paid. 

nameiv claims: 

. nM t.>ed time omit. The present EurODO.n »««rch report 
N on. o. «. furtne, ».rcn fee, nes Pe.n >" ^*~' aD( , llc8tlon wnicB ,„„. ,„ mvennon ..r« 
« o«.n drawn up lor tnos. pans of in. E^opeeo o.»n. 

mentioned In tne claims. 



namely claims: 



4 



BNSDOCID: <EP 0721 132A3 I > 



r~S ft - % f 



EP0 721 132 A3 



3 



European Patent 



EP 95 30 9180 -B- 



LACK OF UNITY OF INVENTION 



Tn« Swtfi Omton cm«l«i tf»t tf» pr Mont Eurman p»t»r»i tppJctoon do« km comply wflft *m r*qu*«m«ni ol irtty of 

tnv«ncon and rriiiu c mv««1 m v w Do ni or group* of mw»naoft». 

nam«fy: 



1. Claims 1-19: Autostereoscopic display system 



2. Claims 20-45: 



Spatial light modulator. Use not 
restricted to an autostereoscopic 
display system, e,g. of claims 1-19 



5 



BNSDOC1D: <EP 0721 132A3.J_> 



THIS PAGE BLANK (uspto) 



